An experimental facility for conducting research on capillary pumped loop (CPL) systems was developed. In order to simulate shipboard cooling water encountered at various locations of the ocean, the heat sink temperature of the fscility could be varied. A flat plate, CPL evaporator was designed and tested under various heat sink temperatures. The sink temperature ranged h n 274.3 to 305.2 K and the heat input varied fkom 250 to 800 W which corresponds to heat fluxes up to 1.8 Wlcm'. The CPL flat plate evaporator perFomed very well under this range of heat input and sink temperatures. The main result obtained showed that a large degree of subcooling developed between the evaporator vapor outlet line and liquid return line. This condensate depression increased w i t h increasing heat input.
INTRODUCTION
Capillary Pumped Loops, CPL, are systerns that employ the evaporation and condensation processes of a working fluid to transport heat. They are related to heat pipes except for two significant differences: the CPL components are separated and the CPL system typically employs a liquid reservoir. A simple schematic for a CPL system is depicted in Figure 1 . In this scheme the CPL system is used to remove the heat generated from onboard ship electronic components and to transfer that beat to a shell and tube condenser where it can be removed by sea water. The major components in this simple design are the evaporator, condenser, reservoir, vapor and liquid lines.
Capillary pumped loops were first proposed in the USA Figure 2 . Essentially, a watedethylene glycol bath was fitted with a dual temperam control regulation system. The two temperature control system was designed to regulate the bath temperature within a desired temperature bandwidth either above or below the ambient temperature of the laboratory room. Two, 3 kW h e r s i o n heaters mounted in the water/glycol tank were utilized to maintain CPL sink temperatures to 32.2 C in this study. A 25 GPM centrihgal p m p took suction fiom the bath and discharged the watdglycol mintute. through a chiller barrel and back into the bath. The bath could also use water if the desired CPL system si& temperature was always above 0 C. The cold side of the chiller barrel was connected to an R134a/404a, 3 ton, 5 horsepower, water cooled compressor unit. The compressor was capable of handling either R134a or R404a. The selection of the ref?igerant depended upon the desired CPL sink temperature. R134a was used in this study since the sink temperature was not allowed to drop below 0 C. R404a could be used to test CPL working fluids to a temperature of about -40 C. The compressor was equipped with a 3 ton thermal expansion valve and a hot gas bypass system. The condenser for the compressor unit was wter cooled. In this study, the waterlglycol bath was maintained between 1.1 and 32.2 C w i t h a 2 degree bandwidth for compressorlheater cycling. Due to the relatively low heat inputs used by the CPL evaporator, this system worked very well. When the compressor unit was in operation, the temperature drop of the refigerant across the chiller barrel was less than 1.5 C.
The bath temperature was monitored with type-K thermocouples and two Johnson controller Units, one for the heaters and bath temperatures above ambient, the 0th for the chiller and bath temperatures below ambient.
A schematic of the CPL evaporator/condenser loop is shown in Figure 3 . The waterlglycol mixture in the bath was drawn by a 50 GPM centrifugal pump and discharged through four flowmeters. The pump capacity far exceeded the combined capacity of the flowmeters so ball valves were placed upstream of each flowmeter to regulate the flow to 100 percent of scale. This corresponded to a maximum flow of 6.5 GPM per flowmeter bringing the total coolant flow to 26 GPM. The watedglycol mixture was passed through the CPL condenser and retutned back to the bath in the chiller loop. Another project goal was to test the ability of the CPL system to respond to a varying sink temperature. In two experiments, the sink was allowed to rise in temperature from 1.1 to 32.2 C and to drop in temperature from 32.2 to 1.1 C.
The procedure for these tests was as follows:
1. Set the sink temperature to 1. evaporator surface.
A. Constant Heat Sink Temperature
Figure 7 displays the temperature-time history for the CPL systern operating at a heat sink temperature of 1.1 C. The initial system heat input was 270 W. The changes in power input can be readily seen by the curve representing the average top surface temperature of the evaporator plate. The thermocouples were located between the heaters and the top surface, so the temperature represented is indicative of some average tempexatue between the evaporator surface and the heaters, The duration of the b t heat hput level (270 W) is shown to be slightly longer than the duration of the subsequent heat input levels. This is due to the fact that at start-up, the heat transfer processes are starting to develop, hence they have smaller rates than at full operating conditions.
The liquid inlet temperature to the evaporator is shown by the bottom line. At first, dlrring start-up, this temperature is seen to dip slightly below the ambient room temperature of about 292 K. This is due to the cold cooling water temperature in the condenser tubes. The evaporator inlet temperature increased very slightly over the dmtion of this experiment. The temperature that is most representative of the operating temperature in the evaporator grooves (vapor side of the wick) is $e vapor outlet temperature. As can be seen, the changes in power input level cannot be discerned on this temperature curve. The curve shows a very smooth monotonic increase in temperature with increasing input power. The reason the evaporator pump outlet temperature appears monotonic rather than exhibit the discrete changes in temperature that the average plate surface temperature exhibits is due to the large heat capacity (thickness) of the brass evaporator cover plate. The temperature at the bottom surface of the evaporator shows subcooling. This subcooling increases with increasing heat input.
The temperature of the vapor outlet is assumed to be at the saturation temperature. Figure 10 as the effect of heat input on system subcooling.
The largest condensate depression as a function of heat input is for the case of the lowest heat sink temperature, 1.1 C. Figure 11 shows a typical pressure history for the 18. I C sink case. The pressures portrayed are the differential pressures across the evaporator ( h m vapor outlet to liquid inlet), and across the needle valve between the condenser hot well and the CPL evaporator. For the duration of these tests, this needle valve was wide open and no concem to this study,
The differential pressure across the evaporator pump was defined as the pressure of the vapor outlet header minus the pressure of the liquid return header. Since the vapor outlet header was 3.8 1 cm above the evaporator plate, and the liquid return header was 3.8 1 cm below the evaporator plate, initially, there existed a negative differential pressure due to the hydrostatic head ofthe working fluid. This is shown in Figure   11 . As the CPL evaporator heats up and primes, water in the outgoing vapor paths is replaced by vapor and the difFerentid pressure decreases. Once the liquid-vapor interface reaches the wick, a positive pressure due to the capillarity of the wick is achieved. The maximum pumping pressure differential of this CPL evaporator, taken at a heat flux of 780 W and correcting for the hydrostatic head on the liquid side of the evaporator was approximately 0.35 P a . The results for the increasing heat sink temperature experiment are depicted in Figure 12 . The temperature of the heat sink is aIs0 displayed on this figure. The data shows that the CPL system is capable of smoothly adjusting through the selected ranges of heat sink temperatures. One interesting note on Figure 12 is that when the sink temperature starts out very cold, the system appears to bead towards a large condensate depression across the evaporator. As the sink temperature warms up, this condensate depression decreases.
The Fesdts for the decreasing heat sink temperature experiment at 550 W are shown in Figure 13 . Initially, the heat sink temperature is shown to be higher than the starting liquid return line and outgohg vapor h e temperatures of the evaporator. As long as this condition exists, the CPL condenser will not cool the system and the result will be a heating up of the system until the evaporator temperatures are higher than the sink temperature. This is seen by the very steep initial average temperature of the top, heated s u r f b .
Once the sink temperature falls M o w the evaporator temperature, cooling takes place. 
CONCLUSIONS
An experimental facility for conducting research on capillary pumped loop systems was developed. The facility has the ability to vary the heat sink temperature in order to simulate shipboard cooling water encountered at various locations ofthe ocean. The heat sink temperature ranged from 1.1 to 32.2 C and the heat input varied f3om 250 to 800 W which corresponds to heat fluxes up to 1 
